ABSTRACT
T
he Asian concept of beauty and Asian rhinoplasty historically aimed for a look that was similar to white populations. However, Asians currently prefer an esthetic that is more natural looking. 1, 2 Recently, a strong nasal tip has been emphasized in Asian rhinoplasty, such as septal extension graft and extended columnar strut, because the projection and rotation are primarily needed for strong tip support. 1, 2 Although there have been many studies that have investigated the preferred esthetic for tip projection, few studies were conducted for the tip angle in Asian populations. [1] [2] [3] [4] The angle of the newly modified tip is as important as the tip projection for a beautiful and natural-looking nose.
The nasolabial angle (NLA) is commonly defined as the angle between the lower border of the nose and the subnasal line that connects to the upper lip border. Esthetic NLA has a wide range, from 90 to 115°, in white populations. [3] [4] [5] [6] [7] [8] [9] The ideal NLA has classically been described in the literature as being 90 to 95°for male individuals and 95 to 115°for female individuals. [3] [4] [5] [6] [7] [8] [9] However, because some Asian people have protruding teeth and lips, and the height of their nasal tip is different from that of white populations, [10] [11] [12] we aimed to study the ethnic differences and how they may influence the desired range of the NLA in Asians.
METHODS
A left-side lateral photograph was taken of six male and six female patients to simulate six different tip angles. Written informed consent was obtained from all the participants for using these images. This study was approved by the institutional review board of the Eulji Medical Center (2016-11-044-001) and was conducted according to the Declaration of Helsinki. The original profile photograph was opened with Adobe Photoshop CS2 (Adobe Systems, Inc., San Jose, CA). The NLA and the angle of the upper lip protrusion were modified by the "liquify" filter in the Adobe Photoshop program. The NLA is defined as the angle between the lower border of the nose and the line that connects from below the nose to the upper lip on profile view. The angle of upper lip protrusion is defined as the angle between the line that originates from below the nose to the upper lip (which corresponds to the vertical component of NLA) and the perpendicular line to the Frankfort line subnasally.
First, Adobe Photoshop was used to modify the photographs to different upper lip angles of 10, 20, and 30°. Then, the NLA was transformed from 75 to 110°in each of the different upper lip images. To change the NLA, we rotated the nasal tip in Adobe Photoshop by using the "liquify" filter. As much as possible, the shape of the nasal tip and also the height of the dorsum of the nose were kept unchanged. An NLA of Ͼ110°was not used because, in our unreported previous study, reviewers did not favor an angle of Ͼ110°. The NLAs of the male models were transformed into six different angles, from 75 to 100°in increments of 5, regardless of upper lip angles. The NLAs of the female models with 10°of upper lip angle were transformed from 85 to 110°, the NLAs of the female models with 20°of upper lip angle were transformed from 80 to 105°, and the NLAs of the female models with 30°of upper lip angle were transformed from 75 to 100°. Six types of newly transformed images of nasal tips in each of the different upper lip angles were made into PowerPoint (Microsoft Corp., Redmond, WA) slides and arranged in a random order. Recruited raters were asked to choose the preferred image. One hundred and twenty Korean volunteers were recruited. The raters comprised 15 men and 15 women who ranged in age from 20 to 50 years.
Statistical Analysis
The statistical analysis was performed by using SPSS 15.0 (SPSS, Inc., Chicago, IL). The Pearson 2 test was used to compare preferences by sex and age. A value of p Ͻ 0.05 was accepted as statistically significant.
RESULTS

Male Images
For the male upper lip protrusion of 10°, the mean Ϯ standard deviation (SD) of the preferred NLA was 88. . There was a significant difference between the preferences of the men and women at 30°of upper lip protrusion (p ϭ 0.036). The men and women both selected the 75°angle as the best, but the men selected the 80°angle as second best, and the women selected the 85°angle as second best (Fig. 2) .
Female Images
For the female upper lip protrusion of 10°, the mean Ϯ SD of the preferred NLA was 92.9 Ϯ 6.9°. (Figs. 3 and 4) . There was no significant difference between the preferences of the men and women at 30°of upper lip protrusion (p ϭ 0.429).
The age of the volunteer was not a significant factor for the preference of the NLA angle. At 10°of upper lip protrusion of the male image, all the age groups preferred 85, 90, and 95° (Fig. 5) . At 20°and 30°of upper lip protrusion of the male image, all the age groups preferred 75° (Fig. 5) . At 10°of upper lip protrusion of the female image, volunteers who were ages 20-50 years chose 90 and 85°as the preferred angles, but volunteers who were Ͼ50 years of age chose the 95°angle (Fig. 6) . At the 20°angle in the female image, all the age groups chose the 80°and 85°angles (Fig. 6) . At the 30°angle of the female image, all the age groups preferred 75° (Fig. 6) . 
D O N O T C O P Y
be affected by the degree of protrusion of the upper lip and teeth. To the best of our knowledge, this study was the first report on the ideal esthetic for the NLA in Asians based according to the degree of protrusion of the upper lip. It is not uncommon for Asians to have a protrusive upper lip. [10] [11] [12] Miyajima et al. 10 compared lateral cephalometry of Japanese and white populations with normal occlusion and found that the Japanese population had a smaller NLA and fuller lips than the white population. Another Asian cephalometric study showed that Chinese dentition has greater bimaxillary-alveolar protrusion and that Chinese people have a less prominent nose, with a less obtuse NLA. 11 In this study, the upper lip protrusion was changed quantitatively at 10, 20, and 30°t o find the preferred the NLA based on the amount of upper lip protrusion. Our findings were consistent among the rater of different sex and age. Moreover, the preferred NLA had a relatively wide range when the upper lip protruded by a small amount. However, at a high amount of upper lip protrusion, the preferred NLA fell within a very narrow range. This result may mean that surgeons who perform rhinoplasty should pay close attention to the patient who has a high amount of upper lip protrusion because the range of NLA that is esthetically pleasing may be very narrow in these patients.
There has been no majority consensus to define the ideal NLA. [4] [5] [6] 13 Four methods have been used to measure the NLA; the definitions are as follows: (A) the inferior border of the nose and the line that intersects the bottom of the nose and upper lip, (B) the inferior border of the nose and the line tangent to the philtrum, (C) the long axis of the nostril and the perpendicular line to the Frankfort line, and (D) the long axis of the nostril and the vertical facial line (from the glabella to the pogonion). Harris et al. 13 surveyed the preferred NLA definition among 82 rhinoplasty surgeons, and the 20 who responded (24%) preferred definition A, 27 (33%) preferred B, 16 (20%) preferred C, and 13 (16%) preferred D. Leach 5 argued that definition A was inaccurate for those people who have protruding maxillar or inclined upper teeth, and said that definition C would be accurate. Definition C or D can reflect nasal tip rotation and angle without being affected by the maxilla and upper teeth inclination but cannot reflect the true "labial" component of the NLA itself.
If we recalculated our data based on the perpendicular line to the Frankfort line, a new NLA (F-NLA) could be obtained by adding the angle of upper lip protrusion to the previously chosen NLA. The F-NLA would be ϳ98.7, 100.9, and 108.4°in each of the 10, 20, and 30°images, respectively, of upper lip protrusion in the male model. In addition, the F-NLA would be ϳ102.9, 103.9, and 109.0°in each of the 10, 20, and 30°images, respectively, of upper lip protrusion in the female model. These recalculated values closely approximate the known range of the esthetic nasal tip angle. Therefore, it would be relevant to adopt the perpendicular line to the Frankfort line as a reference when comparing NLA between different ethnicities or races because different ethnicities or races may have different dentitions, maxillar bones, or upper lip thicknesses that can affect the classically defined NLA.
In this study, we adopted definition A and added the degree of upper lip protrusion because this measurement is intuitive and widely used. Nasal tip position cannot be determined without considering the neighboring facial structures. Choi et al. 3 analyzed 200 Asian profile photographs and found that the ideal nasal tip position was closely related to the NLA and nasomental angle. Bimaxillary segment osteotomy can reduce not only upper teeth protrusion but can also increase the NLA and improve overall nasal tip projection without nasal tip surgery. 14 Perkins et al., 15 by using three-dimensional photographic analysis, reported that 0.05 mm of the upper lip would be lengthened for every 1°of NLA that was increased. An esthetic nasal tip is eventually created through harmony with the angle of the tip and the neighboring facial substructures. In addition to ethnicity, age and sex have been known to influence the ideal NLA. 7, 8 Usually, the preferred NLA for women is 5 to 10°higher than for men, which is similar to the findings in our study. In this study, the male and female raters did not, on the whole, have different views of the ideal NLA. Only in 30°of upper lip protrusion in the male model, the male raters chose 80°and female raters chose 85°as the second choice for their favorite angle. In addition, age was not a significant factor in the preference of NLA in this study. Other studies reported that younger people tended to prefer a less obtuse NLA. 7 Sinno et al. 7 searched predictors that affect the ideal NLA in the general population by using Photoshop modification images of the nasal tip and found that age, sex, race, education, and experience of having a rhinoplasty affected the ideal male NLA but did not affect the ideal female NLA. African American and native American raters preferred 90°for NLA in the male model, and white raters preferred a more-obtuse NLA in the male model. 7 American Asian raters preferred 90 and 100°in the male model. 7 This result was similar to our study when recalculating an NLA as a reference of the Frankfort line. However, American Asian raters preferred a more-obtuse NLA in the female model than we found in our result. This difference may result from the model's ethnicity; an Asian model was used in our study, and a white model was used in the study by Sinno et al. 7 Although many researchers seek the ideal nasal tip position by considering ethnicity and race, 16 there is no one ideal that can satisfy all patients who undergo rhinoplasty. Recently, computer simulation before surgery has been widely used to reduce the gap between the surgeon's experience and the patient's expectations. 17, 18 There has been a report that ϳ86% of postoperative results were consistent with preoperative computer simulation images. 18 However, some surgeons are reluctant to use computer simulation before surgery because of the possibility of a medicolegal problem caused by the difference between the image from the computer simulation and the postoperative outcome. The limitation of this study was that use of a lateral photograph only did not reflect a frontal view. Modification of the nasal tip angle can influence various nasal esthetic subgroups, such as nostril show and the relationship between the columella and alar nasi. By using three-dimensional images in this study, the raters were able to intuitively understand the relationship between the changed nasal tip and the esthetic subgroups.
CONCLUSION
As the upper lip protrusion increased, the preferred NLA was changed to a more acute angle in an Asian population when measuring the NLA between the inferior border of the nose and the line that intersects the point below the nose and the upper lip. The NLA with the best esthetic had a relatively wide range when the degree of upper lip protrusion was small. However, when lip protrusion was marked, the best esthetic NLA tended to fall within a narrow range. 
